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REMARKS 

This Preliminary Amendment amends the above identified Utility Patent Application 
filed herewith. With this Preliminary Amendment, claims 1-16 have been cancelled. Claims 
17-36 have been added. Claims 17-36 remain pending in the application and are presented 

for consideration and allowance. 

A substitute specification is included herewith. The specification contains no new 

matter. 



CONCLUSION 

Applicants hereby authorize the Commissioner for Patents to charge Deposit Account 
No. 50-0471 in the amount of $600.00 to cover the fees as set forth under 37 C.F.R. 
1.16(h)(i). 

The Examiner is invited to contact the Applicants' representative at the below-listed 
telephone number to facilitate prosecution of this application. 
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Any inquiry regarding this Preliminary Amendment should be directed to Paul P. 

Kempf at Telephone No. (612) 767-2502, Facsimile No. (612) 573-2005. In addition, all 

correspondence should continue to be directed to the following address: 

Dicke, Billig & Czaja 
Fifth Street Towers, Suite 2250 
100 South Fifth Street 
Minneapolis, MN 55402 

Respectfully submitted, 

Irwin Aberin et al.. 

By their attorneys, 

DICKE, BILLIG & CZAJA, PLLC 
Fifth Street Towers, Suite 2250 
100 South Fifth Street 
Minneapolis, MN 55402 
Telephone: (612) 767-2502 
Facsimile: (612) 573-2005 



Date: 
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Paul P. Kempf 
Reg. No. 39,727 
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"Express Mail" mailing label number: EV309835632US 

Date of Deposit: August 9, 2006 

The undersigned hereby certifies that this paper or papers, as described herein, are being deposited in the United States Postal Service 
"Express Mai! Post Office to Addressee" service under 37 C.F.R. 1 JO on the date indicated above and is addressed to: Commissioner for 
Patents, P.O. Box 1450. Alexandria, VA 22313-1450. 



By. 





Name: Adrienne Maiers 
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SEMICONDUCTOR PACKAGE WITH PERFORATED SUBSTRATE 

Background 

The invention relates to a semiconductor package and to a substrate for a 
semiconductor package, and to methods for assembling the substrate and semiconductor 
package. 

The performance and reliability of semiconductor packages is limited by stresses 
within the package which occur during the manufacturing process. 

JP 3283453 discloses a semiconductor package which includes a moisture 
absorbing material bonded to the rear of the die padT^ KR 2002064592- A discloses a 
semiconductor package which includes a vent holcT^ These packages are not very 
reliable and many packages are discarded after manufacturing. 

For these and other reasons, there is a need for the prese nt invention. 

Summary 

u ir nnn nWjort nf fhn invention to One aspect of me pre sent invention provides 
a more reliable semiconductor package and a simple, cost-effective method for 
assembling such a package. 

This object of tho invention is oolvod by the aubjcct matter of the indopondent 
claims. Fuithor improvomontG arise from the Gubjoct matter of the dopcndont claims. 

A semiconductor package according to one embodiment of the invention 
compriGGs includes a substrate and a semiconductor chip which includes an active 
surface with a plurality of chip contact areasr^ The chip contact areas are electrically 
connected to the upper contact areas of the substrater^ The substrate comprisos includes, 
for example, a redistribution board. 
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The substrate for a semiconductor package according to one embodiment of the 
invention includes a perforated sheet of core materialr^ The core material compris e s 
includes an electrically insulating or dielectric material such as a plastic or a ceramic or 
a BT substrate. 

The substrate also includes a plurality of upper conducting traces and upper 
contact pads or areas on its upper surface and a second plurality of lower conductive 
traces and external contact areas on its bottom surfaccT^ A plurality of conducting vias 
which are positioned essentially vertically through the thickness of the substrate and 
electrically connect the upper conducting traces and lower conducting traces of the 
substratCT^ A plurality of vent holes or non-plated through holes is providedT^ A layer of 
solder resist covers the upper and lower surfaces of the substrate leaving the contact 
areas free from solder resist. 

The non-plated through holes or vent holes are positioned essentially vertically 
in the substrate and penetrate the upper and lower surfaces of the substrate forming 
open-ended through holesr^ The vent holes have a diameter in one case of preferably 
approximately ISjim to approximately 5mm, or more proferablvin another case, 
approximately lOSjam to approximately 0.5mm or even more in another case, preferably 
approximately lOOSjim. 

¥With th e diameters of the through holes^ have the advantage that the non-plated 
through holes are positioned laterally between the conducting traces and contact areas on 
the upper and lower surface of the substratCT^ The conducting paths are, therefore, not 
disrupted by the position of the vent holesr ^ Advantageouslv in one case , the vent holes 
are included in a standard substrate which already includes conducting traces and 
contacts areas in a desired arrangement or design. 

Analysis by the inventors has shown illustrated that the invention reduces stresses 
inside the package during the manufacturing process, paiticulorl yand in some cases 
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during the solder reflow process, leading to an improved reliability of the packagesr. 
This is the case even when there is moistiire inside semiconductor packages. 

¥With th e non-plated through holes included in the substrate of the invention. 
have the advantage that moisture escapes from die core material of the substrate through 
the side walls of the non-plated through holes as the side walls of the vent holes include 
no metal or electrically conducting coating or layerT^ The metal electro-plated coating 
on the inner walls of the conducting vias is impermeable to moistureT^ The metal 
coating of the conducting vias therefore prevents moisture from escaping from the core 
material through the eeatfecenter of the via. With T die inclusion of the non-plated 
through holes in the substrate of the invention-is, therefore, extremely advantageous as 
moisture escapes from the package in a three-dimensional way. 

The substrate according to one embodiment of the invention is advantageously 
used in a semiconductor package, such as a laminate package which includes a substrate, 
for example, flip-chip or ball grid array packages. Proforablvln one example , the chip is 
mounted to the substrate by the flip chip techniqucT^ Microscopic solder balls connect 
the chip contact areas to the upper contact areas of the substrate. ,PrefcrablyIn one case, 
the area between the active surface of the chip and the upper surface of the substrate is 
underfilled by epoxy resin or underfill material. .This has the advantage thathi such case, 
the delicate electrical connections formed by the microscopic solder balls are protected. 

In an alternative embodiment, the chip is encapsulated by mold material. _Th4^r 
hnn , thn nfivnntngQ of protecting In such case, t he outer surface of the chip and upper 
surface of the package are protected . 

The plurality of vent holes are fldvantageouslv in one case laterally located 
towards the centrer of the substrater^ This advantageously enables moisture in the core 
material at the centfer of the substrate to escape through the vent holesT^ As the vent 
holes are positioned in the substrate under the chip and underfill material, the vent holes 
act as a channel for moisture relief from the underfill material and chip and from the 
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interfaces between the chip, underfill material and substratcr^ The vent holes provide an 
efficient moisture relief path, reducing stress at the interfaces and package reliability is 
improved. 

Alternatively, the plurality of vent holes are laterally located towards the centf=er 
and towards the outer edges of the substrate. With ¥ this arrangement of the vent holes 
is particularly advantagoouG whejLtf-the chip is overmolded or encapsulated by, for 
example, mold material or plastic as moisture escapes from the mold material through 
the vent holes as well as from the outer surfacesT^ The escape of moisture from the 
package is therefore enhanced. 

In one embodiment of the invention the non-plated through holes or vent holes 
include solder resist. .Alternatively, the vent holes are filled by solder resist. .This has 
rha advantago that In such case, moisture more easily escapes from the package as solder 
resist is extremely permeable to moisture. 

In an embodiment of the invention the vent holes are closed at one end by a layer 
of solder resist on the upper surface of the substrate. With T this, has tho advantago that 
the solder resist layer is more easily applied to the substrate. 

The arrangements of the solder resist^ have-the advantage that underfill material 
or mold material does not enter the vent holesr^ As mold material is not permeable to 
moisture, this has tho advantage that the vent holes are not filled or partially filled by 
moisture blocking material and moisture can more easily escape from the package 
through the vent holes. 

A method to assemble a substrate for a semiconductor package comprises 
includes the following stepsr^ Firstly a substrate is providedr^ The substrate comprises 
includes a sheet of core material, a plurality of upper contact traces and upper contact 
pads on its upper surface, a second plurality of lower conducting traces and external 
contact areas on its bottom surface and conducting vias connecting the upper conducting 
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traces and lower conducting tracesT^. A plurality of vent holes is then formed in the 
substrate. 

In one embodiment, ¥ the upper and lower surfaces of the substrate are covered 
by a layer of solder resist leaving the upper and lower contact areas free from solder 
resist. 

Alternatively, the vent holes are formed in the core material before a plurality of 
upper contact traces and upper contact pads on its upper surface, a second plurality of 
lower conducting traces and external contact areas on its bottom surface and conducting 
vias are deposited. 

Proforably ln one case , the vent holes are formed by drilling. 

A method to assemble a semiconductor package compris e s includes the 
following stepsT^ A semiconductor chip comprising an active surface including a 
plurality of chip contact areas and a substrate as described above is provided. 

The chip is mounted on the upper surface of a substrate according to one 
embodiment of t he invention by microscopic solder balls between the chip contacts and 
upper contact areasv^ A solder reflow is performedr^ The area between the chip and the 
upper surface of the substrate is underfilled with epoxy resin and external contacts such 
as solder balls are attached to the external contact areas of the substrate. 

In an embodiment the upper surface of the chip and substrate are covered with 
mold material to encapsulate the chip. 

Tt ir, nn object In one embodiment of the invention to improv e the performance 
and reliability of semiconductor or IC packages are improvedr . The non-plated through 
holes or vent holes provided in the substrate provide paths or channels for the free and 
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easy emission of moisture from the packag e, and in one case. . This is particularly 
advantageous during the solder reflow process when the package is heated. 

The size and distribution of the non-plated through holes within the substrate are 
chosen so that the channels and surfaces formed by the holes provide an efficient 
moisture relief from the package in a three-dimensional way. 

Semiconductor packages containing the perorated substrate according to one 
embodiment of the invention do not suffer high vapour pressure and high moisture 
content in the interface between the semiconductor chip or die and the die attach or 
underfill material, the interface between the die attach or underfill material and the 
substrate, the interface between the mold material or molding compound or plastic 
housing and the substrate and more advantageously within the substratCT^ Hygroscopic 
stresses are reduced by use of the substrate according to one embod iment of the 
invention and the reliability of the packages is improvedT^ Stresses within and warping 
of packages which include a perforated substrate according to one embod iment of the 
invention are reduced and the performance and reliability improved. 

An ombodimont of the invention will now be described by way of cxamplo with 
roforonco to the drawings. 

Brief Description of the Drawings 

The accompanving drawings are included to provide a further un derstanding of 
the present invention and are incorporated in and constitute a p art of this specification. 
The drawings illustrate the embodiments of the present invention and together with the 
description serve to explain the principles of the invention. Ot her embodiments of the 
present invention and many of the intended advantages of the present invention will be 
readilv appreciated as thev become better understood bv reference to th e following 
detailed description. The elements of the drawings are not neces sarilv to scale relative 
to each other. Like reference numerals designate corresponding similar parts. 
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Figure 1 shews -illustrates a flip-chip semiconductor package including an 
exposed semiconductor chipr^ 

Figure 2 shows illustrates a cross-sectional view of a flip-chip semiconductor 
package including an overmolded semiconductor chip?. 

Figure 3 shows illustrates a top view of the upper surface of the substrate of the 
semiconductor package of Figure 1 or Figure 2^. aftd 

Figure 4 shows illustrates a cross-sectional view of an altemative embodiment of 
a flip-chip package. 

Detailed Description 

In the following Detailed Description, reference is made to the ac companying 
drawings, which form a part hereof, and in which is shown by way of illu stration 
specific embodiments in which the invention may be practiced . In this regard, 
directional terminology, such as "ton." "bottom." "front." "back." "leading," "trailing^ 
etc.. is used with reference to the orientation of the Figure(s) being described. Because 
components of embodiments of the present invention can be p ositioned in a number of 
different orientations, the directional terminology is used for purposes of illu stration and 
is in no wav limiting. It is to be understood that other embodiments may b e utilized and 
structural or logical changes mav be made without departing from the sco pe of the 
present invention. The following detailed description, therefore, is not to be taken in a 
limiting sense, and the scope of the present invention is defined b v the appended claims. 

Figure 1 shows illustrates a cross-sectional view of a semiconductor package 1 
which includes an exposed semiconductor chip 2 mounted by the flip-chip technique to 
a redistribution board 3. 

The redistribution board 3 comprises includes a sheet of core material 5 and 
includes a plurality of upper conducting traces 6 and upper contact pads 7 on its upper 
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surface and a second plurality of lower conductive traces 8 and external contact areas 9 
on its bottom surface. 

The redistribution board 3 also includes a plurality of essentially vertical plated 
via holes or conducting vias 10 which penetrate the redistribution board from the upper 
to lower surfacer^ The inner surfaces of the plated via holes 10 are covered by an 
electrically conducting coating 1 1 deposited by an electro-plating techniqucT^ The upper 
contact pads 7 on the upper surface of the redistribution board 3 are electrically 
connected with an external contact area 9 on the bottom surface of the redistribution 
board 3 by a continuous conducting path formed by upper conductive traces 6, the 
conducting coating 1 1 of via holes 10 and the second lower conductive traces 8t^ A 
complete conducting path is not seen for every upper contact pad 7 or external contact 
area 9 in the cross-section of Figure 1 due to the lateral positioning of the upper contact 
pads 7, external contact areas 9 and conductive traces 6 and 8t^ The lateral positioning 
of the upper conducting traces 6 and upper contact pads 7 can be more clearly seen in 
the top view of Figure 3 which is described later. 

The redistribution board 3 also includes a plurality of non-plated through holes 
or vent holes 4 which are positioned essentially vertically and penetrate the 
redistribution board from the upper to the lower surf acer^ The irmer surface of the non- 
plated through holes 4 does not include a metal coatingr^ The non-plated through holes 
4 are laterally positioned in the redistribution board 3 in areas which do not include 
conductive traces or contact areas on either the upper or lower surfaccr^ The non>plated 
through holes 4 and plated via holes 10 are located laterally throughout the redistribution 
board 3; Some are positioned in the redistribution board 3 towards the lateral 
eentr ecenter so that they are under the chip 2 and others are positioned towards the outer 
edges of the redistribution board 3 so that they are laterally adjacent to the chip 2. 

Solder balls 12 are attached to the external contact areas 9 to provide the 
electrical connection from the package 1 to an external circuit board (which is not shown 
illustrated in the Figure). 
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The semiconductor chip 2 comprises includes an active surface including a 
plurality of chip contact areas 13 and a passive surfaccT^ The chip 2 is electrically 
connected to the redistribution board 3 by microscopic solder balls 14 between the chip 
contact areas 13 and the upper contact pads 7 on the upper surface of the redistribution 
board 3. 

The upper and lower surfaces of the redistribution board are coated with a layer 
of solder resist 15t^ The volume of the plated via holes 10 and non-plated through holes 
4 is also filled by the solder resist layer 15t^ The contact pads 7, contact areas 8 and 
solder balls 14 are not covered by the solder resist layer 15t^ The area between the 
active surface of the chip 2 and the upper surface of the redistribution board 3 is filled 
by underfill material 16. 

The different paths by which moisture can exit the package to the environment 
are indicated by the arrows 17t^ Moisture exits the chip 2 and epoxy underfill 16 mainly 
downwards through the solder resist 15 located in the non-plated through holes 4 as well 
as through the plated via holes 10 and from the outer surfaces of the chip 2 and epoxy 
underfill 6 which are in contact with the environment. 

Moisture contained within the core material 5 of the redistribution board 3 exits 
mainly through the side walls of the non-plated through holes 4 and the solder resist 
within themT^ For non-plated through holes 4 located under the semiconductor chip 2, 
the moisture exits mainly downwardsT^ Moisture within the core material 5 also exits the 
redistribution board 3 from its outer surfaces. 

Figure 2 shows illustrates a cross-sectional view of an embodiment of the 
invention which includes a flip-chip semiconductor package 18 including a 
semiconductor chip 2 which is encapsulated by mold material 19t^ The redistribution 
board of die package 18 is essentially the same as that of package 1 shown illustrated in 
Figure 1t^ Parts of the package which are similar have the same reference number and 
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are not necessarily described againr^ The chip 2 and upper surface of the redistribution 
board 3 are covered by mold material 19t^ As indicated by the arrows 17, moisture exits 
the mold material 19 mainly through the solder resist within the via holes 10 and non- 
plated through holes 4 as well as through the outer surfaces of the mold material 19 
which are in contact with the environment. 

Figure 3 shows illustrates a plan view of the upper surface of the redistribution 
board 3 of die semiconductor package 1, 18 of Figure 1 or Figure 2t^ Contact pads 7 are 
connected by conductive traces 6 to plated via holes lOr^ The redistribution board 3 also 
includes a plurality of non-plated through holes 4 which are laterally located in the 
redistribution board 3 between the conductive traces 6, contact pads 7 and plate via 
holes IOt^ Some of the non-plated through holes 4 are located towards the eefrttecenter 
of the redistribution board 3 while others are located towards the outer edges of the 
redistribution board 3 . 

Figure 4 shows illustrates a cross-sectional view of a flip-chip semiconductor 
package 20 including a semiconductor chip 2 according to a further embodiment of the 
inventiouT^ The redistribution board of the package 20 is similar to that of package 1 and 
1 8 shown illustrated in Figures 1 and 2t^ Parts of the package which are similar have the 
same reference number and are not described againT^ In this embodiment of the 
invention, the redistribution board 21 includes non-plated through holes or vent holes 22 
which are closed at the upper surface of the redistribution board 21 by a layer of solder 
resist 15t^ The vent holes 22 are not filled by solder resist. 

The invention also relates to methods to assemble a substrate and a 
semiconductor package. 

In the first step of the process, a redistribution board 3; 21 is providedT^ The 
redistribution board 3; 21 comprises includes a sheet of insulating core material 5 and a 
plurality of contact traces 6 and contact pads 7 on its upper surface, a second plurality of 
conducting traces 8 and external contact areas 9 on its bottom surface and conducting 
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vias or plated via holes 10 connecting conducting traces 6 and lower conducting traces 
8t^ a plurality of vent holes 4 are then drilled through the redistribution board 3, 
forming through-holes from the upper to the lower surfaccr^ The upper and lower 
surfaces of the redistribution board 3; 21 are then covered by a layer of solder resist 15 
leaving the contact areas 6 and 8 free from solder resist 15. 

In one embodiment of the invention the vent holes 4 are filled with solder resist 
15t^ In an altemative embodiment, the vent holes 22 are closed at the upper surface of 
the redistribution board by solder resist 15. 

The redistribution board 3 ; 21 assembled using one of the above method is then 
used assemble a semiconductor package 1; 18; 20r^ A semiconductor chip 2 comprising 
an active surface including a plurality of chip contact areas 13 is mounted on the upper 
surface of the redistribution board 3; 21 by microscopic solder balls 14 between the chip 
contacts 13 and upper contact pads 7, 

The package 1 then undergoes a solder reflow heat treatmentT^ The area between 
the chip 2 and the upper surface of the redistribution board 3; 21 is underfilled by epoxy 
resin or underfill material 16t^ Solder balls 12 are attached to the external contacts 9 of 
the redistribution board 3; 21. 

In an altemative embodiment of the method, after the semiconductor chip 2 is 
underfilled with underfill material 16, the upper surface of the chip 2 and redistribution 
board 3 are coated by mold material 19 to form an over-molded semiconductor package 
18. 

In an altemative method, the vent holes 4; 22 are drilled into the core material 5 
of the redistribution board 3; 21 before the conductive traces 6 and 8, contact areas 7 and 
9 and conducting vias 10 are deposited on the redistribution board 3; 21. 
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The semiconductor packages 1; 18; 20 are then tested, packaged and transported 
to the customerT^ The semiconductor packages are mounted to extemal substrates such 

as a printed circuit board. 

Althoueh specific embodiments have been illustrated and described herein, it 
will be appreciated bv those of ordinary skill in the ait that a variety of al ternate and/or 
equivalent implementations may be substituted for the specific embodiment s shown and 
described without departing from the scope of the present inventio n. This application is 
intended to cover any adaptations or variations of tlie specific embodiments discussed 
herein. Therefore, it is intended that this invention be limited only bv the cl aims and the 
equivalents thereof. Rcforcnco Numbers 

1 semiconductor packag e 

2 semiconductor chip 

3 rodiGtribution board 

4 non plated through hol e 

5 core material 

6 upper conductive trace 

7 upper contact pad 

8 lower conductive trac e 
Q external contact ar e a 

+0 plated via hole 

44 metal coating 

43 solder ball 

4-3 chip contact area 

44 microscopic solder ball 

45 solder resist 

4€ underfill material 

4? aiTOw 

4« ovcrmoldcd semiconductor package 

49 mold material 

3© semiconductor package 

34 redistribution board 
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